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(71) We, Matsushita Electric Indus- 
trial Company Limited, a Japanese Com- 
pany of 1006, Oaza Kadoma, Kadoma-shi 
Osaka-fu, Japan, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relates to fuel cells, and to 
electrodes for such cells. More specifically, the 
invention relates to cells in which the fuel is 
hydrazine, sodium borohydride or formalin. 
For the purpose of the present specification, 
a cell is to be considered as either a single cell 
or an assembly of single cells. 

Compounds such as hydrazine and sodium 
borohydride are very suitable for use as the 
fuel for a fuel cell, since polarisation of the 
fuel electrodes can be maintained at a low 
level even during relatively high discharge 
rates of the cell, because of the high activity 
of these compounds. A cell using a fuel elec- 
trode of this material, and used in conjunc- 
tion with an oxidising electrode for a suitable 
oxidising agent such as air, can give high dis- 
charge current densities, provided that a suit- 
able catalyst is included in the electrodes. 
Suitable catalysts for the fuel electrode in- 
clude platinum group catalysts, including 
platinum itself, whilst suitable catalysts for 
the oxidising electrode include - silver, metal 
oxides and active carbon; these are relatively 
inexpensive as compared with_^the platinum 
group catalysts. . 

Fuel electrode catalysts such as platinum, 
palladium and alloys of platinum with other 
metals are very satisfactory as catalysts for 
fuel electrodes, but have the great disadvan- 
tage of being very expensive. Even though a 
very small proportion of the catalyst per unit 
area of the electrode is required, with prac- 
tical fuel cells the cost of the catalyst comes 
high, and sometimes prohibitively high. The 
cost of the catalyst may have a determining 
effect on the practical application of the fuel 
cell, in competition with other current generat- 
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ing devices, such as solar cells, air-metal bat- 
teries and conventional primary and secon- 
dary cells. 

It is desirable that any form of cell should 
maintain a steady electromotive force over its 
working life, and the life should be as ex- 
tended as possible. In the case of the fuel 
cell, this requires that the catalyst should 
remain effective over the prolonged working 
life. 

At one time, the characteristics of a fuel 
cell were to a large extent determined by the 
limitations of the oxidising electrode, but of 
late there have been improvements in this 
respect. In consequence, there is at the pre- 
sent time an even greater demand for a fuel 
electrode for a fuel cell which is effective in 
use and which is of low cost. The present 
invention is concerned with an improved fuel 
electrode, and a cell embodying such an elec- 
trode. 

The invention includes a method of mak- 
ing an electrode for a fuel cell which includes 
reducing a solution containing a nickel salt and 
a copper salt and caustic alkali and using the 
resultant material as a catalyst in an electrode. 
The invention also includes an electrode when 
produced by said method, 
t Features and advantages of the invention 
will also appear from the following descrip- 
tion of embodiments thereof, given by way of 
example, in conjunction with the accompany- 
ing drawings, in which: — 

Figure 1 is a diagrammatic vertical sec- 
tional view through an air-hydrazine fuel cell; 

Figure 2 is a graph showing the relation- 
ship between electrode potential and current 
density for an electrode; 

Figure 3 is a graph showing the variation 
of electrode potential with discharge time of 
an electrode; 

Figure 4 is a diagrammatic vertical sec- 
tional view of another form of oxygen-hydra- 
zine fuel cell; and 

Figure 5 is a diagram showing the arrange- 
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ment of a device for measuring die discharge 
characteristic of a cell. . 

We have considered the use of nickel black, 
nickel boride, iron and mixtures of these 
5 compounds with additives as a catalyst for a 
5 ^electrode. These materials are much toe 
expensive than platinum and sinulai f catalysts, 
but their performance is inferior. It is found 
*at initially nickel and similar c«*jOffl* 
10 tain their activity over a period o ^charge, 
so that the voltage is mainmmed and the 
polarisation of the electrode will be kept j it a 
low figure. However, wim extended use of 
the electrode it is found that the ekctrode 
15 pWtial falls and over periods of discharge 
of some thousands of hours Aere is an appre- 
ciable drop in potential of the electrode. We 
have found that the voltage drop a > caused 
largely by oxidation of the surface of die metal 
20 catllyk though loss of the catalyst from the 
surface of the electrode may be a contribute^ 
Suse. It appears that in use these catalyse 
are polarised anodically in the presence of a 
reducing agent such as hydrazine, and it is toe 
25 thoughtAat this is the reason why the ^catalysts 
are slowly oxidised over an extended period 
Further, if by neglect or mischance, or oy 
feSn of excessive current discharge there 
may be caused a degree of oxidation of the 
30 electrode such that the electrode cannot re- 
cover its initial performance and there is per- 
manent impairment of the electrode potential. 

We have found that the performance of a 
fuel electrode containing nickel black as a 
35 catalyst is very substantially improved by the 
embodiment in the nickel black of copper. So 
far as we are aware, it has not been appre- 
ciated that copper is effective to suppress the 
oxidation of nickel which normally occurs 
40 when the nickel is immersed in a caustic 
alkali electrolyte in the presence of a reducing 
substance such as hydrazine. Nickel black is 
finely divided metallic nickel in the form ot 
a soft dull black powder. 
45 Further, we have found that copper contri- 
butes to the formation of nickel black from 
a nickel salt in the presence of hydrazine. 
•vt ii„ .v r*rn<~rirahle to make nickel 
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hydrazine in a caustic alkali. However, if a 
copper salt is present, even to a small extent, 
in the nickel salt in these conditions, copper 
is first formed from the copper salt by the 
action of die hydrazine, and the copper thus 
formed acts as nuclei for the fomation of the 
nickel black from the nickel salt This action 
proceeds rapidly; this fact may be indirect 
evidence of the action of the copper in sup- 
pressing oxidation of the nickel black. 

We have also discovered that when copper 
is added to the nickel black as a catalyst, the 
fuel electrode has good powers of recovery 
after any shortage of supply of fuel to the 
cell 

The catalyst consisting of nickel black and 



cooper can be prepared basically by reduction 
of P £niSd aqueous solution of nickel salt and 
Spper salt. Reduction can be effected by ^eat- 
ing the solution in a reducing atmosphere 
s^cb as hydrogen by me dectro^posiuoa of /0 
the catalyst in the aqueous solution, or oy 
"earing toe catalyst with hytozme in alkali 
Of the^e methods, the last is prrferred; the 
two former methods have the disadvantage 
of the activity and bond strength of Je 
electrode and the catalyst formed, and the 

W afone, but with a binder, is mended 
Snder pressure into the shape of the dectrode, 
atcona group in which the cata 
with a carrier powder and the mixture, to 
gXrwith a binder, is moulded unde. :pre£ 85 
sure into the shape of the electrode, and the 
urird group in which a carrier compound 
firsTmoulded to form a substrate of the elec- 
Sode?and the catalyst is then supported on 

the surface of the substrate. 

In Aelirst case, the powdered catalyst can 
be mixed, for example, with a solution of a 
poly^rol' or a powdered fluorine containmg 
Lin, the mixture being moulded under pres- 
sure round a reinforcing metal grid or ^screen. 
In the second case, the catalyst can l be added 
to, for example, carbon powder, and the elec 
trade produced by moulding round the nan- 
Sen°t as before. In the third possibihty 
nkkd powder, for example, can be sintered on 100 
To the surface of a metal grid or screen, .and 
the catalyst then applied to the surface of the 
sintered nickel support „„„„„,i 

The following are Examples of die second 
and third methods for the production of the 105 
hydrazine fuel dectrode of a fuel cell. 

Example 1. 
Nickel nitrate (Ni(NO*) . 6H.O) and cop- 
per nitrate (CuCNO^ . 3H.O) were mixed 
I proportion such that the ratio of nickel ions 
to copper ions present is 2 to 1. One part 

- . « . j- j.: .-~ture was dissolved m 

give an aqueous solu- 
tion of the nitrates. An excess "amount of 
15°£ bv weight aqueous solution of sodium 
LrtaSe waf addled to ^.solution of the 
nitrates, maintaining the solution at 40 C, the 
mixture being well stirred. The resultant pre- 
Spm£e was separated, and to it added a solu- 
tion containing 1 mol of caustic potash and 
1 mol of hydrazine hydrate (100% by weight 
solution of W, • H.O), the solution Joeing 
added gradually. Reduction proceeded rapidly, 
to give a black metal powder. After being 
thoroughly washed -with water, the metal 
powdef was dried at normal temperature 
under reduced pressure. A mixture was pre- 
pared consisting of 2 parts by weight of car- 
bon powder and 0.7 parts by weight of ethy- 



a nickd salt in the presence of Jgf^ { » ^mT Irnxture was dissolved m 

Normally, it is not P^ ble ^tdt 5tii Zm ^d dissolved to 
black merely by reacting a f nickel ^ salt mtn w ^ 
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lene tetrafluoride-propylene hexafluoride co- 
polymer, with one part by weight of the mixed 
metal black; a mixing device was used to 
assure thorough mixing. The mixed powder 
5 was placed in a suitable mould, so as to en- 
close a metal reinforcing grid in the centre 
of the mould, and the powder moulded to 
shape using a pressure of 350 kg/cm 3 . After 
moulding, the electrode had a thickness of 1.1 
10 mm. A small area of the electrode layer was 
removed to reveal the metal grid, and a ter- 
minal connection made to the grid by means 
of a thin nickel plate, connected to the screen 
by spot welds. 
15 For the purpose of comparison, a second 
electrode was prepared, similar to the first, 
but differing from it in the omission of the 
copper. It is convenient to identify the cop- 
per containing electrode as electrode A and the 
20 other as electrode B. 

The two electrodes were used in the con- 
struction of two similar fuel cells, die con- 
struction of which is indicated in Figure 1. 
The cell comprises a casing 10 of a suitable 
25 material such as polyvinyl chloride in one 
open face of which is located the air electrode 
11. The hydrazine electrode 12 is separated 
from the air electrode by a separator 13 of 
asbestos. The cell defines a chamber 14 for 
30 the fuel, with an inlet port 15 and an outlet 
port 16. Terminal devices 17 and 18 are 
provided respectively for the electrodes 11 and 
12. 

The air electrode 11 may consist of a 
moulded mtvtnr^ of active carbon , silver and 
a wgtSfnrepellenF and a suitable~fuel consists 
of lSnax|tieons^sokition^ caustic potash, hav- 
ing a specific gravity of 1.35 and containing 
2% by weight of hydrazine hydrate. 
40 Two such cells, one using an electrode of 
type A and the other of type B, were then 
subjected to tests to examine the potential of 
the fuel electrode for different values of cur- 
rent density, and the results are indicated in 
45 the graph of Figure 2. The electrode potential 
is given with reference to a standard mercury 
oxide electrode, and the current density is 
measured in milliamperes per square centi- 
metre. The mesaurements were made at a 
50 temperature of 30 °C. Figure 2 shows that 
there is not any substantial difference between 
the performance of the two cells in this res- 
pect. 

A further series of tests were made between 
55 the two cells, in which the two cells were 
subjected to continuous discharge at a cur- 
rent corresponding to a current density of 55 
mA/cm 2 , the results being shown in a graph 
of Figure 3. In these tests, the temperature 
60 of the cells was kept within the range of 32° 
to 38 °C. Figure 3 shows that over a pro- 
tracted period of discharge, the performance 
of the cell with electrode A was better than 
that of the cell with electrode B. This trend 
65 was observed at both higher and lower tem- 



peratures of the electrolyte and it was ob- 
served also diat for currents corresponding to 
a current density greater than the figure speci- 
fied, the difference between the potentials of 
both electrodes became greater. 70 

Example 2. 
Nickel nitrate and copper nitrate were 
mixed in a proportion such that the ratio of 
nickel ions to copper ions was 3 to 1; the 
mixture was dissolved by adding to it 0.8 75 
parts by weight of water for each part by 
weight of the mixture, to produce an aqueous 
solution of the nitrates. A sintered nickel 
plate, giving 78% porosity and having a thick- 
ness of 0.9 mm. was immersed in an aqueous 80 
solution of the nitrates at 35 °C. for five 
minutes, in order that the solution could be 
fully absorbed into the pores of the sintered 
plate. The plate was then dried for two hours 
at 95 °C. After drying, the plate was immersed 85 
in 7 moi aqueous solution of caustic potash 
at room temperature for five minutes and then 
in 5 mol aqueous solution of caustic potash 
containing 3% by weight hydrazine hydrate, 
at room temperature. After leaving the plate go 
in the solution for 2 to 3 hours, the solution 
was heated to 45 P C. and the plate 
was then left further in the solution for 1 
hour. Under these conditions, nickel black 
and copper are formed from the nitrates. The 95 
plate was then washed and the very small 
amount of catalyst present on the surface of 
the sintered plate was removed and the plate 
dried under reduced pressure. The electrode 
was then completed in the manner described 100 
above. A terminal for the device was con- 
nected to a point of the sintered nickel plate 
by spot welding before the catalyst was 
applied to it. 

Figure 4 is a diagrammatic vertical sec- 105 
tional view through a multiple unit fuel cell, 
using electrodes produced in the manner des- 
cribed. In Figure 4, the unit cells are indi- 
cated at Q, C, . . . . etc. The cells are similar 
in construction, so that one only of the cells 110 
will be described. This comprises a housing 
20 for the cell; each cell includes two hydra- 
zine electrodes 21, separators 22 and oxygen 
electrodes 23. The cell is formed to provide 
a fuel chamber 24, with an inlet 25 leading 115 
to a fuel supply conduit 26, and an outlet 
27 leading to a conduit 28, the two conduits 
26 and 28 being common to the cells of the 
composite unit. The electrodes are provided 
with terminals 29 and 30, with the similar 120 
electrodes of each cell being connected to- 
gether by weight. A very suitable fuel consists 
of an electrolyte formed of a 30% by weight 
aqueous solution of caustic potash containing 
1.8% by weight of hydrazine hydrate. 125 

Ten cells of the type described were con- 
nected in voltage-aiding series connection, and 
were then subjected to a test by means of a 
test device shown diagrammaticaily in Figure 
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5 In this device the assembly of cells 30 is 
mounted in a container 31, and supported 
above a container 32, containing electrolyte 
33 The fuel containing electrolyte 33 is tea 
to the cell by pump 34. Nitrogen gas evolved 
in the reaction of the cells is released to atmos- 
phere through an exhaust port 35 and the tuei 
in the electrolyte 33 could be replenished 
from an 80% by weight aqueous solution ot 
hydrazine hydrate in a container 36, admitted 
to the container 32 at a controlled rate 
through valve 37. Oxygen gas is supplied from 
a pressure container, not shown, to an inlet 
3sf and a small proportion of unused oxygen 
gas and a small proportion of nitrogen which 
is released from the electrolyte after passing 
around the oxygen electrodes, are discharged 
through a vent pipe 39. 

The device of Figure 5 was used to test 
two cells, each comprising an assembly ot 
single cells, the construction of which was 
similar, but of which one, whidi can l be iden- 
tified as cell C, using a catalyst of both nickel 
black and copper, the other cell having a fuel 
electrode which included no copper. This lat- 
ter cell is identified as cell D. The two cells 
were discharged at a current corresponding to 
a current density of 70 mA/cnv for 100 hours 
repeatedly at an interval of 10 hours. Alter 
10 hours of discharge, it was found that there 
was no substantial difference between the ter- 
minal voltages of the cells C and D, cell C 
having a voftage of 7.7 V and cell D a voltage 
of 7 5 V. However, as the period of discharge 
increased, the difference between the two cells 
progressively increases, cell C becoming more 
clearly better than cell D. Thus, after a dis- 
charge time of 350 hours, the terminal volt- 
age Sf cell C was 7.8 V, whilst that of cell D 
was 7.6 V. After 500 hours the correspond- 
ing voltages were 7.5 V for cell C and 72 
V for cell D. After a total of 800 hours, the 
voltage of cell D had dropped to 6.8 V, whdst 
cell C was 7.3 V. At 1200 hours, the vo tage 
of cell D was 6.4 V and of cell C 7.1 V. 
At a total discharge time of 2500 hours, cell 
D had a voltage of only 5.7 V, whilst the 
voltage of cell C was still 6.7 V. During the 
period of discharge, the potential of Ae oxy- 
gen electrodes remained substantially un- 
changed, and the drop in terminal voltage is 
due substantially entirely to the potential 
change of the hydrazine electrodes. 

From the two Examples given, it will be 
seen that a catalyst which consists of nickel 
black and copper retains its activity oyer 
a longer period of time than a catalyst which 
contains no copper. The addition of die cop- 
per to the nickel black appears to be effective 
down to very small proportions of copper, 
since the effect of the copper lies m inhibiting 
the oxidation of the nickel. For example, 
although in the two Examples given, copper 
was added to nickel in the proportion of 1 to 
2 and 1 to 3, the addition of copper in a 



proportion as small as 1 to 10 brings a per- 
ceptible effect. The preferred range of copper 
is one in which the copper is added such that 
the ratio of copper to nickel ions is in tne 
ranse of 0.05 to 0.5. # 

It is to be understood that since the effec- 
tiveness of the copper lies in " 
oxidation of the nickel, as described above, 
additives such as iron, silver, cobalt and tung- 
sten can be used, in addition to the copper. 

WHAT WE CLAIM IS:— , 
1 A method of making an electrode for a 
fuel cell which includes reducing a solution 
containing a nickel salt and a copper salt and 
caustic alkali and using the resultant material 
as a catalyst in an electrode. 

2. A method in accordance with claim 1 
wherein said solution is reduced in tne 
presence of hydrazine. -i-,--,. i 

3 A method in accordance with claims i 
or 2, and comprising moulding under pressure 
a mixture of the catalyst, an alkali resisumt 
electrically conductive powder and a binder. 

4 A method in accordance with claim 3 
wherein said conductive powder is carbon 

P °5 d A" method of making an electrode for a 
fuel cell, which comprises forming a porous 
electrode substrate, applying thereto a soluuon 
containing nickel salt and copper salt and 
thereafter reducing the solution m the pores 
of the substrate with caustic alkali and a 
reducing agent. , 

6 A method according to claim 5 wherein 
said reducing agent is hydrazine. 

7 A method in accordance with claim 6 in 
which said porous electrode substrate is a sin- 
tered nickel plate. . . . 

8 An electrode for a fuel cell, which in- 
cludes as a catalyst nickel black and °opper, 
when prepared by a method according to any 
of the preceding claims. 

9 An electrode in accordance with claim «, 
and including also iron, silver, cobalt or tung- 

StC 10. An electrode hi accordance with claim 
g or 9 comprising a compressed body ot 
material deluding said catalyst and means for 
making electrical connection to said body. 

11 An electrode in accordance with claim 

10, and comprising a reinforcing conductive 
structure within said body of material. 

12 An electrode in accordance with claim 

11, wherein said structure is a metallic grid. 

13 An electrode in accordance with claims 
11 or 12, wherein said electrode includes a 
base of sintered nickel on which the catalyst is 
supported.^ mcludfag an electrode in 

accordance with any of claims 8 to 14. 

15 An improved electrode according to 
claim 8 for a fuel cell, substantially as des- 
cribed with reference to the accompanying 
drawings. 
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16. An improved fuel cell according to 
claim 14 substantially as described with 
reference to the accompanying drawings. 

17. An improved method of making a fuel 
5 cell, according to claim 1, substantially as des- 
cribed with reference to the accompanying 
drawings. 
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